Objectives: Two randomized placebo-controlled trials evaluated whether combining rapidacting paracetamol formulations with caffeine resulted in faster/greater relief of episodic tension-type headache (ETTH) compared with placebo and over-the-counter (OTC) analgesics. Both studies were prematurely terminated.
Introduction
Tension-type headache (TTH) is the most common headache disorder worldwide. 1 Up to 38% of adults are affected by episodic TTH (ETTH) annually, with peak prevalence occurring in people between 30 and 39 years of age and those with higher levels of education. 2 International Classification of Headache Disorders diagnostic criteria for Efficacy and time to onset of action are important considerations when choosing a medication for relief of ETTH. 6 Efforts have been made to further enhance paracetamol's efficacy and time to onset in treating ETTH. For example, when paracetamol is formulated with sodium bicarbonate, the rate of absorption is considerably increased, 9 and onset of action begins within 15 minutes of dosing. 10 In addition, GlaxoSmithKline Consumer Healthcare (Dungarvan, Ireland) has developed a formulation of paracetamol using proprietary Optizorb technology, which has a faster rate of absorption and less interpatient variability compared with standard paracetamol (data on file). Adding caffeine as an adjuvant to common analgesics, including paracetamol, has been shown to provide a small but significant increase in relief from various types of acute pain. 11 More specifically, randomized double-blind studies have found that caffeine enhances the analgesic efficacy of paracetamol in patients with ETTH. 12 Here, we report results from two multicenter, randomized, placebo-controlled studies of patients with ETTH to evaluate the efficacy of a combination of paracetamol and caffeine using two different formulations designed to enable faster absorption of paracetamol in combination with caffeine: one that included sodium bicarbonate (study 1) and one that used paracetamol with Optizorb (study 2). Key objectives of these studies were to compare the efficacy and speed of pain relief with these two new rapid-acting paracetamol-plus-caffeine formulations versus placebo and ibuprofen in ETTH.
Materials and methods

Study design and procedures
Study 1 (ClinicalTrials.gov identifier: NCT01755702) was a Phase IIB, multicenter, randomized, single-blind, partialdummy, four-way crossover study in participants with ETTH conducted from July 2009 to March 2010 at seven clinic sites in the USA. Study 2 (ClinicalTrials.gov identifier: NCT01842633) was a Phase III, multicenter, randomized, three-arm, parallel-group, double-blind, double-dummy, placebo-controlled study in participants with ETTH conducted from April 2013 to March 2015 at 20 study sites in the US.
In both studies, participants who met initial eligibility criteria at screening entered a run-in phase lasting 2-4 weeks in study 1 and 4 weeks in study 2, during which they characterized their headache-pain intensity and self-treated with their usual OTC analgesics, recording scores in an "eDiary". To characterize pain intensity, study 1 used a 5-point categorical scale (0 no headache, 1 mild, 2 moderate, 3 moderately severe, 4 severe), and study 2 used a 4-point categorical scale (0 no headache, 1 mild, 2 moderate, 3 severe). After the runin phase, those who met additional eligibility criteria were entered into the treatment phase, which lasted up to 8 weeks in study 1 and up to 6 weeks in study 2. All eligibility criteria are described in the "Study populations" section.
Subjects entering the treatment phase were sequentially assigned a randomization number; the randomization schedules were computer-generated by the Biostatistics and Data Management Department of GlaxoSmithKline Consumer Healthcare (Parsippany, NJ, US). During the treatment phase, subjects characterized the pain intensity of all headache episodes using the same rating scale.
In study 1, subjects sequentially treated each of the first three headache episodes that met qualifying criteria programmed into the eDiary (defined below) with a single dose of an assigned treatment. Each patient's treatment assignment consisted of three of the following four regimens in random sequence: two paracetamol 500 mg-sodium bicarbonate 325 mg-caffeine 65 mg caplets plus two placebo ibuprofen caplets; two paracetamol 500 mg caplets plus 2 placebo paracetamol-sodium bicarbonate-caffeine caplets; two ibuprofen 200 mg caplets plus 2 placebo paracetamol-sodium 
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Paracetamol + caffeine for tension-type headache bicarbonate-caffeine caplets; and two placebo paracetamolsodium bicarbonate-caffeine caplets plus two placebo ibuprofen caplets. The study design was partial dummy, because it used placebos matched to paracetamol-sodium bicarbonate-caffeine and ibuprofen but not to standard paracetamol. Investigators were fully blinded, but participants were partially blinded, because each received one instead of two different placebos per treatment. Subjects were given a treatment kit containing their assigned three treatments in three separate envelopes.
In study 2, subjects treated the first three headache episodes that met the qualifying criteria (defined below) each with a single dose of their one assigned study medication. Therefore, in contrast to study 1, where subjects used three different treatments once each to treat a single headache, participants in study 2 used the same treatment regimen to treat up to three headaches. Study 2 subjects were randomly assigned at a ratio of 2:2:1 to two rapid-acting paracetamol (Panadol with Optizorb technology; GlaxoSmithKline Consumer Healthcare, Dungarvan, Ireland) 500 mg plus caffeine 65 mg caplets plus two placebo ibuprofen caplets; two ibuprofen 200 mg caplets plus two placebo paracetamol with Optizorb-caffeine caplets; or two placebo paracetamol with Optizorb-caffeine caplets plus two placebo ibuprofen caplets.
In both studies, the eDiaries contained a series of questions aimed at identifying headaches that qualified for study treatment. Qualifying headaches were required to be of at least moderate intensity (ie, pain intensity ≥2). Participants were instructed not to treat headaches with study treatment if they had signs/symptoms consistent with migraine or had consumed food or caffeine within 2 hours, rescue medication within 18 hours, or unapproved OTC or prescription medication in the past 48 hours. Headaches that occurred during menstruation were also excluded from treatment. Participants in both studies also had to agree that they would be able to adhere to study restrictions and complete headache assessments over the next 4 hours before being prompted to administer study treatment.
Following each administration of study treatment, participants assessed headache-pain intensity and pain relief (assessment times, study 1: 15, 30, 45, 60, 90, 120, and 240 minutes posttreatment; study 2: 10, 15, 20, 25, 30, 40, 50, 60, 90, 120, 180 , and 240 minutes posttreatment). Pain intensity was assessed using the same 5-point (study 1) and 4-point (study 2) categorical rating scales described for the run-in period. The pain-relief scale (PRS) in both studies consisted in 0 representing no relief, 1 a little relief, 2 some relief, 3 a lot of relief, and 4 complete relief. Such rating scales are well accepted and widely used in the pain literature.
In study 1, time to first perceptible pain relief was assessed using a stopwatch included in the eDiary. In study 2, time to first perceptible pain relief was determined by asking participants at the first assessment time when PRS score was ≥1 (at least a little relief) to estimate the time to the nearest minute since the previous assessment when at least a little headache relief was first achieved. In study 2, at 120 minutes posttreatment, participants assessed whether or not they had achieved complete headache relief (yes/no). In both studies, at approximately 4 hours posttreatment of each qualifying headache (or at the time of initial rescue-medication use), participants evaluated their global impression of treatment in the eDiary using a 5-point scale where 0 represented very poor, 1 poor, 2 neutral, 3 good, and 4 very good.
Use of rescue and other medications
During the run-in and treatment phases of both studies, subjects were permitted to use aspirin 1,000 mg as needed as rescue medication for headaches that did not respond adequately to study medication within 2 hours and to treat any headaches that did not qualify for use of the blinded study medication. Participants were instructed not to treat a qualifying headache with study medication within 48 hours of treating a previous qualifying headache; in such cases, they could use rescue medication.
Participants were to refrain from taking OTC or prescription medications, except for oral contraceptives, hormonereplacement therapy, and medications deemed appropriate by the study investigator, unless necessary to treat a new medical condition. Participants were required to maintain their normal routines regarding tobacco use and caffeine intake to avoid withdrawal headaches, and to abstain from consuming alcohol during the first 4 hours of treating each qualifying headache with study medication. Study 1 also required participants to avoid eating for 2 hours after treating a qualifying headache.
Ethical considerations
Both studies were approved by an institutional review board or independent ethics committee at each study site (Thomas Jefferson University Institutional Review Board, Philadelphia, PA; Western Institutional Review Board, Olympia, WA; Biomedical Research Alliance of New York, Lake Success, NY) and were conducted in accordance with requirements specified in the Declaration of Helsinki. All participants provided written informed consent. 
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Study populations
The patient populations in both studies were similar and largely recruited via local advertising. Both studies enrolled men and women aged 18-65 years with ETTH who were in good general health and able/willing to comply with study procedures and restrictions. Enrollment was limited to those with body mass index 18-35 kg/m 2 in study 1 and 18-33 kg/m 2 in study 2. In addition, ETTH had to occur on average ≥2 days per month in study 1 and 1-14 days per month in study 2, had to have an onset at age <50 years and ≥12 months prior to study initiation, and had to occur frequently during the 3 months prior to the study (defined as four or more and ten or fewer episodes per month in study 1 and two or more and 14 or fewer episodes per month in study 2). Study 1 required that headaches be bilateral, nonpulsatile, tight band, pressing, or tightening, with no exacerbation by exercise, in accordance with the International Headache Society (IHS) classification of ETTH. 3, 13 In both studies, the subject's typical ETTH had to be at least moderate in severity, last ≥4 hours if untreated, and respond to OTC analgesics in ≤2 hours. Females of childbearing potential had to be using a reliable method of contraception.
Both studies excluded women who were pregnant or breast-feeding and persons with chronic TTH (ie, >15 headaches per month for 3 months) or hypersensitivity, allergy, intolerance, or contraindications to any study-medication ingredient. Additional exclusion criteria included history of migraine (more than two episodes per month in study 1, more than one episode per month in study 2); inability to differentiate between migraine and TTH; need for migraine prophylaxis; current psychiatric disease requiring treatment, cognitive disorder, or chronic pain disorder; current or recent (≤3 months) use of medications or herbal supplements that could interfere with study assessments; and alcohol or substance abuse within the last 2 years. Study 1 also excluded persons with a history of severe-headache episodes with neurological disability, and study 2 excluded people with a history of alcohol use that exacerbated headaches.
Subjects in both studies still had to meet these criteria and also meet additional criteria after the run-in phase, in order to undergo randomization and enter the treatment phase. In study 1, during the run-in period, they had to have had at least two headache episodes, at least one of which met the qualifying criteria. The qualifying headache also had to be at least somewhat relieved by the subject's usual OTC analgesic within 2 hours of administration. In addition, subjects had to have ≥60% compliance with the eDiary and had to have adhered to the restrictions outlined in the "Use of rescue and other medications" section. A protocol amendment to study 1 allowed for exceptions to the 60%-compliance requirement at the investigator's discretion if the subject showed improvement in compliance, underwent supplemental eDiary training, and provided reassurance that he/she would fulfill the expectations.
In study 2, participants who had had one or more qualifying headaches, were not suspected of having chronic TTH, demonstrated proficiency using the eDiary, and confirmed receiving at least "some" headache pain relief from their usual OTC analgesics within 2 hours of treatment for at least 50% of their qualifying headaches during the run-in phase were eligible for randomization. In addition, they had to exhibit at least 70% compliance with the eDiary during the run-in; subjects with <80% compliance during the run-in and treatment phases received supplemental training.
Study outcomes
In study 1, the primary end point was time (in minutes) to first perceptible pain relief (score of 1 on the 5-point PRS) with paracetamol-sodium bicarbonate-caffeine versus placebo. In study 2, the primary end point was the weighted sum of pain-intensity difference (SPID) from the time of treatment to hour 4 (SPID 0-4 ) for paracetamol with Optizorb-caffeine versus placebo. In study 2, pain-intensity difference (PID) was calculated by subtracting the baseline pain-intensity value from the postbaseline values. SPID was calculated as the products of PID and the amount of time between the current and previous time points (ie, ΣPID × [time t − time t-1 ]).
Secondary end points in study 1 included PID from baseline to each assessment time (calculated by subtracting the postbaseline pain-intensity value from the baseline value); PRS at each assessment time; SPID, total pain relief (TOTPAR), and area under the time-response curve for change in headache intensity and headache relief (SPRID) at 60, 90, 120, and 240 minutes; number of headaches resolved at 1 and 2 hours before any rescue medication, time to rescue medication, and global impression of treatment. SPID was calculated as the sum of the products of PID with the amount of time between the current and previous time points (ie, ΣPID × [time t -time t-1 ]). TOTPAR was the sum of the products of PRS with the amount of time between the current and previous time points (ie, ΣPRS t × [time ttime t-1 ]). SPRID was calculated as the sum of TOTPAR and SPID. The number of resolved headaches was calculated as a proportion of subjects with complete relief (PRS 4) and a rating of "no headache" (pain-intensity rating 0) divided by the total number of subjects. 
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Paracetamol + caffeine for tension-type headache Secondary end points in study 2 included SPID from time of treatment to hours 1, 2, and 3, time to perceptible pain relief (PRS ≥1); time to meaningful pain relief (PRS ≥2); PID and PRS at each assessment time; TOTPAR and SPRID from time of treatment to hours 1, 2, 3, and 4; the proportion of participants with complete relief at 1 hour (based on PRS 4) and 2 hours (based on "yes" answer to "Do you have complete relief?") posttreatment; time to and rate of rescue-medication use; and global impression of treatment. TOTPAR was the sum of the products of PRS with the amount of time between the current and previous time points in fractions of an hour (ie, ΣPRS t × [time t -time t-1 ]/60). As in study 1, SPRID was sum of TOTPAR and SPID.
Because of the difference in how PID was calculated between the 2 studies, it should be noted that positive PID and SPID values in study 1 and negative PID and SPID values in study 2 are indicative of favorable reductions in pain.
In both studies, safety was assessed based on the frequency and severity of treatment-emergent adverse events (TEAEs), serious TEAEs, and their relationship to study medication.
Statistical analyses
The safety population in both studies consisted of all participants who were randomized and received any study medication. The intent-to-treat (ITT) population was also defined in the same way in both studies, and consisted of participants who received at least one dose of study treatment for a qualifying headache and had at least one postbaseline efficacy assessment.
Sample-size calculations were performed in both studies to determine the number of evaluable participants needed to provide 80% power to show significant differences between treatment groups for the primary end points. For study 1, it was estimated that 450 subjects would need to be screened to enroll and randomize 300 and have at least 240 be evaluable. For study 2, it was estimated that 550 participants would need to enter the run-in phase to have 290-300 qualified to be randomized to treatment and 265 evaluable study completers. However, enrollment in both studies was terminated before the planned numbers of participants were randomized. Study 1 was stopped due to business reasons; study 2 was stopped based primarily on enrollment difficulties and impending expiration of drug supplies.
In study 1, Kaplan-Meier curves were generated for time to first perceptible headache-pain relief (PRS ≥1). Differences in time to first perceptible headache-pain relief between treatment groups were compared using a Cox proportional-hazard model with treatment as a factor and baseline pain intensity as a covariate. An analysis of covariance (ANCOVA) model was used for analysis of PRS, headache-pain intensity, SPID, TOTPAR, and area under the time-response curve. The model included factors for participants and period as random effects and for treatment formulations as a fixed effect; baseline pain intensity and site were included as covariates. All analyses were carried out using SAS version 8.2.
In study 2, results for each relevant outcome were averaged over all qualifying headaches for each patient. ANCOVA was used to obtain least squares (LS) means for all SPID, PID, PRS, TOTPAR, and SPRID outcomes; treatment and pooled study sites were fixed effects, and baseline pain intensity was a covariate. An ANCOVA model with treatment and pooled site as fixed factors was used for analysis of the global impression of treatment. Based on an amendment to the statistical analysis plan resulting from the study's early termination, efficacy was determined based on the 95% CIs for the differences in LS means from the ANCOVA analyses, rather than the originally planned inferential statistics (P-values). Time to first perceptible relief (PRS ≥1) and time to meaningful relief (PRS ≥2) were analyzed using a Cox proportionalhazard model with treatment group, site, and baseline pain intensity as covariates; hazard ratios and 95% CIs were used for treatment comparisons. Kaplan-Meier curves were also generated for these outcomes. The proportion of participants with complete headache relief at 1 and 2 hours posttreatment was analyzed using a 2×2 c 2 test. All analyses were conducted using SAS version 9.2. In both studies, all available data were included for subjects who withdrew prematurely; after rescue medication use, no subsequent PRS was included in the analyses.
Results
Subject flow and baseline characteristics
Study 1 was terminated after 228 people were screened and 66 randomly assigned to treatment ( Figure 1A ). All 66 treated at least one headache and were included in the safety and ITT populations (28% of planned evaluable participants). In the second study, 365 people were screened and 165 randomly assigned to treatment ( Figure 1B ). Of those, 157 treated at least one qualifying headache and were included in the safety and ITT populations (59% of planned evaluable participants).
In study 1, the mean age of participants was 42 years, 67% were female, 56% were white, and 44% were AfricanAmerican (Table 1) . Mean pain intensity and the proportion with moderate versus severe pain severity at baseline were similar across the four treatment arms. In study 2, mean age was 39 years, 72% were female, 89% were white, 9% were In both studies, the safety population consisted of all participants who were randomized and received any study medication. In study 1, the intent-to-treat (ITT) population consisted of participants who received at least one study treatment and had at least one postbaseline efficacy assessment. In study 2, the ITT population consisted of those who had at least one evaluable headache during the treatment phase, received at least one dose of study medication, and had at least one postbaseline pain-intensity assessment. Abbreviations: ITT, intent to treat; AE, adverse event.
Randomized (n=66) Crossover design: subjects were assigned to receive 3 of the 4 treatments in random sequence, and used them to treat 1 headache each over an 8-week treatment phase 
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Paracetamol + caffeine for tension-type headache African-American, and 1% each were Asian or of multiple races (Table 2 ). Demographic and baseline clinical characteristics were similar across treatment groups.
Study 1 efficacy
For the primary outcome (Figure 2 ), mean (median) time to perceptible pain relief (PRS 1) was 36.7 (30), 38 (30), 48.9 (30), and 42.7 (30) minutes in the paracetamol-sodium bicarbonate-caffeine, ibuprofen, paracetamol, and placebo groups, respectively. There were no clinically relevant differences between groups (hazard ratio for paracetamol-sodium bicarbonate-caffeine versus paracetamol 1.32, 95% CI 0.86-2.01; hazard ratio for paracetamol-sodium bicarbonate-caffeine versus placebo 1.25, 95% CI 0.83-1.9).
There were some indications of greater headache relief and reduced headache severity with paracetamol-sodium bicarbonate-caffeine compared with placebo and standard paracetamol in the early phase of headache, demonstrated by multiple measurements. PID scores (Table S1) were greater (indicating greater reductions from baseline in pain severity) with paracetamol-sodium bicarbonate-caffeine versus placebo at 45 minutes (LS mean difference between treatments 0.45, 95% CI 0.11-0.8; P=0.0103) and 60 minutes (0.4, 95% CI 0.07-0.72; P=0.0176) and with paracetamol-sodium bicarbonate-caffeine versus paracetamol at 60 minutes (0.41, 95% CI 0.08-0.73; P=0.0153). A greater difference in PRS (Table S1 ) between paracetamol-sodium bicarbonatecaffeine and placebo was observed at 60 minutes (LS mean difference 0.59, 95% CI 0.14-1.03; P=0.0109). PRS was also greater with paracetamol-sodium bicarbonate-caffeine compared with paracetamol at 45 minutes (LS mean difference 0.42, 95% CI 0.02-0.82; P=0.0394) and at 60 minutes (0.78, 95% CI 0.33-1.23; P=0.0009). Trends in headache relief were supported by results for SPID ( Figure 3 ) and TOTPAR ( Figure 4) ; results for SPRID showed a pattern consistent with results for SPID and TOTPAR. Paracetamol-sodium bicarbonate-caffeine showed greater differences compared with both placebo and paracetamol on these three outcomes at 0-60 and 0-90 minutes.
At 1 hour after treatment administration, the proportion of participants who reported their headaches were completely resolved (PRS 4 + pain-intensity rating 0) with paracetamolsodium bicarbonate-caffeine was more than double that with other treatments (Table 3) . Only a small number of participants (three or fewer in each treatment group) required rescue medication during the study. Global impression of treatmentresponse results were similar across treatment groups, with the majority (≥70%) of participants in each group rating their response as "good" or "very good" (Table 3 ).
Study 2 efficacy
Results for SPID 0-4 , the primary efficacy outcome, are summarized for paracetamol with Optizorb-caffeine compared with ibuprofen and placebo ( Figure 5 ). Similar results were observed for SPID 0-1 , SPID 0-2 , and SPID 0-3 ( Figure 5) . PID results at each individual time point (data 
Notes:
a Participants rated their baseline headache severity using the eDiary on a 4-point categorical scale (0, no headache; 1, mild headache; 2, moderate headache; 3, severe headache). Headaches with ratings of 0 or 1 were not considered qualifying headaches for treatment. Abbreviations: ITT, intent to treat; SD, standard deviation. 
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Yue et al not shown) showed a pattern consistent with those summarized for SPID.
TOTPAR scores ( Figure 6 ) are summarized for paracetamol with Optizorb-caffeine, ibuprofen, and placebo. PRS scores at each individual time point (data not shown) showed a pattern generally consistent with those summarized for TOTPAR, and SPRID scores showed a pattern consistent with SPID and TOTPAR. 
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Paracetamol + caffeine for tension-type headache Survival curves were generated for time to first perceptible relief ( Figure 7A ) and time to meaningful pain relief ( Figure 7B ) for paracetamol with Optizorb-caffeine (mean 37.3 and 65.1 minutes, respectively), ibuprofen (mean 43.3 and 68.8 minutes, respectively), and placebo (mean 40.6 and 74.4 minutes, respectively).
In the paracetamol with Optizorb-caffeine, ibuprofen, and placebo groups, respectively, 29%, 27.4%, and 18.2% had complete headache relief (PRS 4) at 1 hour after dosing (Table 4) . Fewer participants in the paracetamol with Optizorb-caffeine group required rescue medication than in the ibuprofen and placebo groups (Table 4 ). Time to rescue-medication use was similar in all groups (Table 4) . Global impression of treatmentresponse scores were numerically higher with paracetamol with Optizorb-caffeine than with ibuprofen and placebo ( Table 4) .
Safety
There were nine TEAEs reported in study 1: two in the paracetamol-sodium bicarbonate-caffeine group, four in the ibuprofen group, none in the paracetamol group, and three in the placebo group (Table 5) . Seven were mild, and two (oral pain during ibuprofen and plantar fasciitis during placebo) were moderate in intensity. Three mild gastrointestinal TEAEs were the only TEAEs considered to be related to treatment, including one case each of upper-abdominal pain and dyspepsia with ibuprofen and one case of dry mouth with placebo. The only serious AE, which consisted of viral hyperhidrosis associated with heart-rate increase and nausea, was observed before the start of study treatment; the participant who experienced this event was not randomized to treatment.
In study 2, eight subjects experienced a total of 12 TEAEs, including four in the paracetamol with Optizorb-caffeine group, three in the ibuprofen group, and one in the placebo group (Table 6 ). All were mild, except one moderate case of paranasal sinus discomfort in the ibuprofen group. Two subjects had TEAEs that were considered treatment-related: one participant in the paracetamol with Optizorb-caffeine group had mild jitteriness and one in the ibuprofen group experienced mild insomnia. No severe or serious TEAEs were reported in study 2.
Discussion
Due to the underenrollment and early termination of these two studies, findings can only be considered exploratory. Trends observed in both studies suggest that adding caffeine to rapidacting formulations of paracetamol might decrease the time to first perceptible pain relief compared with paracetamol and ibuprofen. In study 1, many of the secondary efficacy outcomes, including PID, PRS, TOTPAR, SPID, and SPRID, showed potentially clinically relevant differences in favor of paracetamol-sodium bicarbonate-caffeine compared with placebo and standard paracetamol at approximately 45-90 minutes, and there were two to three times as many patients achieving complete relief of headache at 1 hour with the combination treatment compared with either paracetamol or ibuprofen. In study 2, paracetamol with Optizorb-caffeine was consistently associated with numerical improvements in time to onset of relief and the majority of efficacy assessments compared with ibuprofen and placebo. Recent guidance from the IHS recommends using painfree rate at 2 hours as the primary efficacy measure in ETTH studies, and reporting number needed to treat (NNT) for that outcome as well.
14 A recent meta-analysis of randomized controlled trials of ETTH found that few trials adhered to this recommendation (although many were conducted before it was issued), such that only ten of 41 trials reported rates of patients who were pain-free at 2 hours. 15 The authors concluded that sufficient evidence demonstrating efficacy on this outcome was available only for paracetamol 1,000 mg, ibuprofen 400 mg, and ketoprofen 25 mg.
In both of our studies, the proportion of patients with complete headache relief after 2 hours was reported as a secondary outcome. In study 1, approximately 61.7% of subjects were headache-free at 2 hours after paracetamolsodium bicarbonate-caffeine compared with 60% with ibuprofen, 55.6% with paracetamol, and 53.3% with 
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Paracetamol + caffeine for tension-type headache placebo. Although the rate of headache relief at 2 hours was not significantly different between paracetamol-sodium bicarbonate-caffeine and placebo, there was a trend suggesting potentially better relief at 2 hours after taking the active treatment than placebo in study 1. In study 2, complete relief after 2 hours was achieved by 61.3% with paracetamol with Optizorb-caffeine, 66.1% with ibuprofen, and 60.6% with placebo; differences were not statistically significant. The percentage of participants with complete relief at 2 hours was higher for all treatments in our studies than reported in several recent Cochrane meta-analyses, in which 23.6% of patients treated with paracetamol 1,000 mg, 22.7% treated with ibuprofen 400 mg, 27.5% treated with ketoprofen 25 mg, and 16%-18.9% treated with placebo were pain-free at 2 hours. 7, 16, 17 The differences between our studies and the ones in these analyses may be attributable to differences in study design, patient population, eDiary use, or other factors.
The NNT for the pain-free at 2 hours outcome with paracetamol-sodium bicarbonate-caffeine in study 1 was 12, which is similar to NNTs reported in meta-analyses for paracetamol (NNT 22), 7 ibuprofen (NNT 14), 11 and ketoprofen (NNT 9). 17 The NNT for paracetamol with Optizorbcaffeine in study 2 could not be calculated, because the absolute risk difference from placebo was <1%. In comparing the NNTs from our studies with those in the meta-analyses, it is important to take into account that the placebo response rates in our studies were substantially higher than those previously reported. The individual studies included in the previous meta-analyses had placebo response rates of 1.3%-28.7% for the percentage who were pain-free at 2 hours 7,11,17 compared with 53.3% and 60.6% in the current studies. Importantly, because our studies used a rapid-dissolving analgesic, pain-free at 2 hours may not be an optimal assessment, because it fails to capture more rapid pain relief. As noted in both the IHS guidance and a recent meta-analysis, short measurement intervals and early assessments (eg, 1-hour outcomes) may be necessary when evaluating drugs in which speed of onset is of interest. 14, 15 In study 1, 31.9% of subjects treated with paracetamol-sodium bicarbonatecaffeine (NNT 6), 14% of those treated with ibuprofen, 8.9% of those treated with paracetamol, and 15.6% of those treated with placebo had complete headache resolution at 1 hour. In study 2, complete headache relief was achieved at 1 hour in 29% of those treated with paracetamol with Optizorb-caffeine (NNT 9), 27.4% of those treated with ibuprofen, and 18.2% of those in the placebo group. In the recent Cochrane meta-analysis of paracetamol in ETTH, the proportion pain-free or with only mild pain at 1 hour was 6% for paracetamol and 5.1% with placebo. 7 In a meta-analysis of ibuprofen studies, 6.3% of ibuprofen-treated patients and 5.8% of placebo-treated patients were pain-free at 1 hour. 16 It is difficult to compare NNTs from our results with the existing literature, because the Cochrane meta-analyses for ibuprofen and paracetamol did not calculate NNTs for painfree at 1 hour (the risk difference from placebo was <1%), and no data on this outcome were available for ketoprofen. 7, 11, 17 Ours are the first published studies to combine rapidacting paracetamol formulations with caffeine in the treatment of ETTH. Previous studies have reported enhanced efficacy when caffeine was added to standard paracetamol or ibuprofen. For example, in a pooled analysis of two randomized, double-blind, double-dummy, two-period crossover trials in adults with ETTH, 1,000 mg paracetamol plus 130 mg caffeine showed significantly better efficacy on SPID, maximum PID, TOTPAR, maximum pain relief, and duration of time with pain at least half gone compared with both placebo and 1,000 mg paracetamol alone (all P<0.001). 12 An Italian randomized, double-blind, double-dummy, crossover trial in patients with TTH found that 1,000 mg paracetamol plus 130 mg caffeine was as effective as 550 mg naproxen sodium and more effective than placebo with regard to PID, TOTPAR, and proportion of subjects requiring rescue medication. 18 Another randomized, double-blind, crossover trial in adults with nonmigraine headaches found that 65 or 130 mg caffeine alone, 648 mg paracetamol alone, or 648 mg paracetamol plus either 65 or 130 mg caffeine all significantly reduced pain (as reported on 100 mm visual analogue scale) compared with placebo at 120 minutes, whereas 130 mg caffeine with or without paracetamol also produced significant pain reduction versus placebo at 30 and 60 minutes postdose (all P<0.05). 19 Finally, a randomized, double-blind, parallelgroup trial in adults with TTH found that 400 mg ibuprofen plus 200 mg caffeine was significantly more effective with regard to peak PID, peak pain relief, PRS scores at most time points, SPID 0-4 , SPID 0-6 , TOTPAR 0-6 , and overall global rating than 400 mg ibuprofen alone, 200 mg caffeine alone, and placebo (all P<0.05). 20, 21 In addition, efficacy has been shown for the triple combination of caffeine, aspirin, and paracetamol. In a pooled analysis of four randomized, double-blind, double-dummy, two-period crossover trials in adults with ETTH, 500 mg paracetamol-500 mg aspirin-130 mg caffeine also showed significantly better efficacy on SPID, maximum PID, TOT-PAR, maximum pain relief, and duration of time with pain at least half gone compared with both placebo and 1,000 mg paracetamol alone (all P<0.001). 12 A second analysis of the same four studies reported that the triple combination was also associated with a significantly (P<0.0001) greater percentage of pain-free subjects at 2 hours (28.5%) compared with acetaminophen alone (21%) or placebo (18%); this was also true in the subset of subjects with severe pain at baseline (percentage pain-free at 2 hours 20.2% vs 12.1% [P<0.0001] and 10.8% [P=0.0003], respectively). 22 In addition, a randomized, double-blind, placebo-controlled trial also supported a more rapid onset and greater pain relief with paracetamolaspirin-caffeine compared with aspirin, paracetamol, caffeine, and placebo alone in the treatment of a variety of headache types. 23 Therefore, the patterns of response seen in our two studies are consistent with the overall positive effects of caffeine when added to other analgesics for treatment of ETTH, based on the current literature in this area.
It is important to recognize that both studies were stopped before the number of planned subjects was enrolled; therefore, definitive conclusions about the efficacy of rapid-acting formulations of paracetamol and caffeine compared with placebo, ibuprofen, and paracetamol without caffeine cannot be drawn from these data. Study 1 was stopped due to business reasons, with only 28% of the planned number of evaluable participants. Study 2, which was stopped based primarily on enrollment difficulties and impending expiration of drug supplies, terminated with only 57% of the planned number of evaluable participants. People with ETTH often self-treat with OTC products that provide effective relief of headache pain; 5, 6 therefore, many do not seek medical attention, which makes enrollment in ETTH trials challenging. Furthermore, because subjects with chronic tension headaches are not as responsive to OTC headache medicines, a run-in period is essential for future studies to ensure that only those with ETTH are included. This can prove to be an impediment to enrollment, due to the increased study duration. However, it should be noted that subjects who met the criteria after the run-in period were highly likely to complete the study. The high rate of retention was in part due to the use of eDiaries that subjects had to complete on a daily basis, which kept them actively engaged. Another reason for incomplete enrollment in these studies is that the planned duration of the enrollment period proved insufficient. ETTH efficacy studies are uncommon; therefore, there was little information to guide the study team in determining what a realistic rate of enrollment was. A range of site and physician types participated in the conduct of these studies, because it was unclear to the study developers which types of physicians and sites were likely to be high enrollers. Future studies of ETTH will need to overcome these enrollment issues with better screening procedures and site identification, and longer enrollment periods.
In both studies, the reference arm containing standard ibuprofen showed limited effect compared with placebo (Tables 4  and 5 ). Reasons for this finding are unclear, and the fact that even the active control failed to show a response suggests possible flaws in the trial design that may have contributed to the limited response seen with the study treatments. Ibuprofen has been shown to be effective compared with placebo in some 24 but not all 20 studies of ETTH. High failure rates, even for analgesic products generally accepted as efficacious, are not uncommon in pain trials, and according to some experts the fault lies with the trials rather than with the treatment. 25, 26 Reasons may include larger-than-expected placebo response and poor subjective patient reporting. 25 The self-limiting 
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Paracetamol + caffeine for tension-type headache nature of TTH often results in a high placebo response rate, adding to the difficulties of detecting a treatment effect. 20 In the case of ETTH, the headaches typically resolve within 30 minutes to a week, even in the absence of treatment. 3 All study treatments in both studies were generally well tolerated, with largely mild TEAEs and no unexpected safety signals. The formulation used in study 1 contained sodium bicarbonate, whereas the formulation in study 2 did not. Oral sodium bicarbonate is sometimes used as an antacid, and is also used in the treatment of peptic ulcers, metabolic acidosis, acidosis in renal tubular disorders, and uric acid crystallization in gout. 27 Oral administration of sodium bicarbonate may cause gastric distension, flatulence, belching, retention of sodium and water, and edema. 27 It was well tolerated in the small number of subjects treated in study 1, but a longer-term assessment with a larger population would be necessary to characterize the safety and tolerability profile of this formulation fully.
Neither study included rapid-acting paracetamol without caffeine as a comparator, so it is not possible to determine whether any added benefits stemmed from the more rapidly absorbed paracetamol, the addition of caffeine, or both. Different formulations of fast-absorbing paracetamol were used in the two trials; positive trends were seen with both, and in the absence of comparative data, conclusions cannot be drawn regarding the benefits of one such formulation over another. An additional limitation of study 1 was that no placebo corresponding to paracetamol was included, so subjects were not fully blinded.
In conclusion, in these 2 studies that were terminated early, trends suggest the possibility that rapid-acting formulations of paracetamol plus caffeine might shorten time to onset and improve relief of ETTH compared with traditional OTC analgesics. Therefore, these formulations warrant further investigation in larger, fully powered studies if enrollment challenges can be overcome. The Open Access Journal of Clinical Trials is an international, peerreviewed, open access journal publishing original research, reports, editorials, reviews and commentaries on all aspects of clinical trial design, management, legal, ethical and regulatory issues, case record form design, data collection, quality assurance and data auditing methodologies. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
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